Abstract Migraine is a common neurological disorder with a significant genetic component. Although a number of linkage and association studies have been undertaken, the number and identity of all migraine susceptibility genes has yet to be defined. The existence of dopaminergic hypersensitivity in migraine has been recognised on a pharmacological basis and some studies have reported genetic association between migraine and dopamine-related gene variants. Our laboratory has previously reported association of migraine with a promoter STR marker in the dopamine beta hydroxylase (DBH) gene. In the present study, we analysed two additional DBH markers in two independent migraine case-control cohorts. These two markers are putative functional SNPs, one within the promoter (−1021C→T) and another SNP (+1603C→T) in exon 11 of the DBH gene. The results showed a significant association for allelic and genotypic frequency distribution between the DBH marker in the promoter and migraine in the first (P=0.004 and P=0.012, respectively) and the second (P= 0.013 and P= 0.031, respectively) tested cohorts. There was no association observed between either genotype and/or allelic frequencies for the DBH marker located in exon 11 and migraine (P≥0.05). The promoter DBH marker, reported associated with migraine in this study, has been shown to affect up to 52% of plasma DBH activity. Varying DBH activity levels have been postulated to be involved in migraine process with an increase of dopamine, resulting from a lower DBH activity shown positively correlated with migraine severity. It is plausible that the functional promoter variant of DBH may play a role in the migraine disorder.
Introduction
Migraine is a common neurological disorder that affects up to 25% of females and 8% of males in a western population [26] . Migraine symptoms range from severe headache to nausea, vomiting, photophobia, phonophobia and variations of the visual field. The most common forms of this disorder have been classified as migraine with aura (MA) and migraine without aura (MO) [21] . Although definitive guidelines are available to help diagnose migraine, the aetiology of the disorder is less clear. Cerebral blood flow changes, specifically a decrease corresponding to the clinically affected area, have been noted as occurring before or at the onset of aura symptoms, in a number of sub-types of MA. In MO, however, regional cerebral blood flow remains normal or slightly increased. Several formative and perceptive sensory systems are part of these modulations, such as the autonomous nervous system, comprising mostly of the sympathetic division (acting via noradrenaline, NA neurotransmitter), but also the diffuse modulatory system (with its transmitters serotonin, dopa-mine (DA), NA and acetylcholine) and/or the trigeminal sensory system [17, 36, 47] . An imbalance in any of these neurological systems either at the transmitter or on the receptor side may lead to a higher susceptibility for migraine.
Numerous studies have implicated the catecholaminergic system in migraine [38] . Several migraineurs have a hypersensitised dopaminergic system resulting in an increased dopamine receptor density on T cells [3, 5] . A central dopaminergic hyperfunction, and possible coexisting noradrenergic dysfunction, may lead to migraine attacks with severity positively correlated to dopamine concentration [4] . Cerebral blood flow and somatosensory evoked potentials can also be changed by this dopamine hyperactivation [14] .
The dopaminergic system has also been explored for a potential role in susceptibility to this complex neurological disorder. Several dopaminergic candidate genes have been investigated in different migraine case-control cohorts with varying results [11, 40, 33] . Thirty years ago, Weinshilboum and collaborators observed a low level of dopamine beta hydroxylase (DBH), an intracellular enzyme catalysing the conversion of DA to NA, in 3% (in adults) to 4% (in children) of the European population [52] . The variation in both plasma DBH activity [6, 8, 51] and cerebrospinal fluid levels of immunoreactive DBH protein [8] has then been shown to be associated with several molecular markers at the DBH locus. More recently, a new functional variation located at −1,021 bp to the translational start site of the DBH gene (−1021C→T, rs 1611115) has been reported to be responsible for affecting up to 52% of the DBH activity in plasma [53] . Interestingly, this polymorphism is part of a 10-kb haplotype block at the DBH locus (spreading from a 19-bp deletion located in the promoter region (−4784-4803) to a single variation in the coding region (A444G) [54] . Investigation of the variants spreading over 50 kb at the DBH gene revealed that the highest association with the DBH activity phenotype were for markers within the 10-kb haplotype block, suggesting the presence of a potential quantitative trait locus for plasmatic DBH activity [54] . Previously, we examined two genetic markers (a 19-bp insertion/deletion (indel) and a short tandem repeat, STR) located in the promoter of the DBH gene (approximately 4.5-kb upstream of the transcriptional start site) and part of the 10-kb block in an unrelated case-control population (150 cases vs. 150 controls) and in 263 patients from 82 families of migraineurs [27] (cf Fig. 1) . The results showed a distortion of allele transmission of STR marker in individuals suffering from both migraine with or without aura [27] . The first association between DBH alleles of this STR and DBH plasma concentration was previously reported in a unrelated British population [51] , observation confirmed by Cubells et al. [8] , who also investigated the promoter indel polymorphism. They showed that the indel was also functionally linked, reporting that an individual with the deletion of both alleles had only half of the mean plasma enzyme activity compared with a homozygote with the insertion/insertion genotype [6] . Our subsequent investigations studying the indel DBH marker in a larger Caucasian case-control population (275 cases vs. 275 controls), reported a positive association between this 19-bp insertion/deletion (−4784-4803), and migraine (χ2=8.92, P=0.011) and more specifically with MA (χ2=11.48, P= 0.003) (cf. Fig. 1 ) [15] .
In the present study, we investigated the putative functional single nucleotide polymorphism (SNP) (-1021C→T) within the promoter of DBH gene and another SNP (+1603C→T, rs6271) in exon 11 (see Fig. 1 ) of the same gene, encoding a non-conservative difference in primary amino acid sequence (arg535 cys), in two independent large case-control pop- ulations. This exonic SNP (+1603C→T) has been shown to have a small effect on DBH activity being responsible for 2% of the enzymatic activity of DBH and may be involved in protein structural changes [9] . It is believed that carriers of the 1603 T (cys encoding) allele may have disulfide bridge formation between the four units constituting the DBH holoenzyme (tetramer) and this may affect homospecific activity.
Materials and methods

Subjects
Before commencing the study, ethical clearance was sought and approved by Griffith University's Ethics Committee for Experimentation on Humans. Individuals for the study were recruited from the local general population using advertising via notices at doctors surgeries and in pharmacies, as well as through media release on local radio, television and in press articles. Potential participants contacted the Genomics Research Centre and suitability for inclusion in the study was determined using a detailed questionnaire completed by all participants, providing demographic parameters, ancestry information and family medical history. The control group consisted of individuals with no personal and family history of migraine. Volunteers who did not meet these criteria were not included in the study. All recruited individuals for the study gave informed consent and were adult (18 years or older) Caucasians of European descent living in Australia, having emigrating ancestors within the last 160 years from various locations within the British Isles and other parts of Europe. In total, 600 cases and an equivalent number of controls were collected over several years, with 275 cases and 275 matched controls collected first and used routinely for our genotyping studies, and other samples collected later and DNA prepared as a second independent population of 300 cases and 300 controls for replication studies. Samples used for the genotyping studies were all individuals, not families, with care taken not to include any related individuals in the case-control population. Case and control individuals were recruited from in and around the South Eastern Australia Region, with collections undertaken in the Genomics Research Centre Clinic at the Gold Coast, Queensland, Australia. To minimise potential bias from population stratification, the control group was matched for sex, age (±5 years) and ethnicity. Migraine patients were clinically defined and suitably matched with non-migraine individuals who made up the control population. The subjects were diagnosed for migraine by a clinical neurologist from responses provided on a detailed questionnaire in accordance with the International Headache Society criteria (3).
Questions used to define migraineurs included length and frequency of attack; pain location, type and intensity; associated symptoms such as nausea, vomiting, phonophobia, photophobia and other visual disturbances, and other neurological symptoms. All individuals were grouped together and phenotyped as being affected with typical migraine (MA+ MO=migraine), as well as being diagnosed separately as MA or MO subgroups. The blood samples obtained from patients were collected through the Genomics Research Centre patient clinic and purified DNA from these samples was obtained using standard extraction methods. Around 90% of the examined DNA samples gave good genotyping results for the four selected genetic markers. We excluded the samples with unclear genotyping results. The study protocol was approved by Griffith University's Ethics Committee for Experimentation on Humans.
The first study population was comprised of 200 migraineurs (115 MA/ 85 MO) and 200 unrelated control individuals and the second one contains 300 migraineurs and 300 controls. To minimise potential bias from population stratification, the control group was matched for sex, age (±5 years) and ethnicity (as previously described [15] . The second population was collected in the same way as the first population.
Markers/genotyping
The study investigated two different polymorphisms at the DBH gene locus, one within the promoter and the other one in the coding region (see Fig. 1 ). The first marker was SNP located at −1,021 bp to the translational start site of the DBH gene (ref SNP database, rs 1611115), named DBHpr. The polymerase chain reaction (PCR) analysis was carried out using a modification of a previously described method [49, 54] Primers were:
Sense: 5′-GGAGGGACAGCT TCT AGTCC-3′ Anti sense: 5′-CACCTCTCCCTCCTGTCCTCTCGC-3′
Thermal cycling was performed with an initial denaturation of 5 min at 94°C, followed by 35 cycles of 30 s at 94°C, 30 s at 60°C, 30 s at 72°C and a terminal extension of 10 min at 72°C. The PCR products were digested with HhaI and analysed by electrophoresis on 3% agarose gels. Ethidium bromide-stained gels were digitally imaged and manually scored for genotypes. The PCR products were 131 bp in size. The T alleles did not digest with HhaI, whereas C alleles digested to give 109 bp and 22 bp fragments.
The second marker was SNP located at +1,603 bp in the coding region of the DBH gene (ref SNP database, rs6271), named DBHex. The PCR analysis was also performed using a modification of a previously described study [49, 54] . The PCR reactions (10 μl final volume) contained 2 mmol/L MgCl 2 , 0.8 mol/L of each primer, 200 mol/L dNTPs, 1 U of Taq polymerase and approximately 20 μg of genomic DNA.
Primers were:
Sense: 5′-CCAGGGACAGGACTCGAGTTG-3′ Anti sense: 5′-AGCAGTTTGGAGTGCAGACCC-3′
Thermal cycling was performed with an initial denaturation of 5 min at 94°C, followed by 35 cycles of 30 s at 94°C
, 30 s at 62°C, 30 s at 72°C and a final extension of 10 min at 72°C. The PCR products were digested with Bst UI and analyzed by electrophoresis on 3% agarose gels. Ethidium bromide-stained gels were digitally imaged and manually scored for genotypes. The PCR products were 352 bp in size. The T alleles did not digest with Bst UI, whereas C alleles digested to give three fragments of 184, 139 and 29 bp.
The genotyping for the DBHpr marker was also been performed in some samples from the first population for corroboration of obtained RFLP genotyping results using the high resolution melt (HRM) method. HRM was carried out using a modification of previous reports of this technique HRM [13, 25, 37] , using Rotor-Gene 6000 (HRM)™ (Corbett Research). The same forward and reverse primers for DBHpr that were used above (RLFP method) were also used for HRM as they efficiently amplified a short size PCR product of 131 bp. PCR reactions contained 1 μl of genomic DNA, 0.2 mmol/L MgCl 2 , 0.2 mmol/L dNTPs, 1.25 U of Platinum Taq DNA polymerase 300 nM of each primer and 1.5 μM of SYTO 9 (Invitrogen) made up to 25 μl with filter sterilised water. Samples were run on a Rotor-Gene 6000 (HRM)™ (Corbett Research) using temperature cycling conditions of: 10 min at 95°C followed by 40 cycles of 95°C for 5 s and 60°C for 10 s. This was followed by a melt step of 65-85°C in 0.2°C increments pausing for 2 s per step. The increase in SYTO 9 fluorescence was monitored in real time during the PCR and the subsequent decrease during the melt phase by acquiring each cycle/step to the green channel (470-nm excitation and 510-nm emission) of the Rotor-Gene. Genotypes were scored by examining normalised and difference melt plots using the Rotor-Gene Software.
Statistical analysis
To detect association between each marker and migraine, we performed chi-square (χ 2 ) analysis to test for significant differences in allele and genotype frequencies between case and control groups [34] . χ 2 provides the likelihood of a deviation in the distribution of the same attributes in different classes (e.g. allelic frequencies in controls versus affected subjects). If the probability (P-value) of a χ 2 statistic is below the pre-determined α-level of 0.05, this is evidence of an association. We performed χ 2 analysis for migraineurs MA, MO and combined migraine groups versus control subjects for the DBHpr and DBHex polymorphisms. We also tested for linkage disequilibrium (LD) between biallelic tested markers using the Graphical Overview of Linkage Disequilibrium (GOLD) program, a new bioinformatic software to analyse dense genetic maps. In addition, the GOLD program provides a distinct graphical representation of disequilibrium patterns [1] . For this analysis, we included data found in our previous genotyping of the insertion/ deletion marker (19 bp), localised at −4,784 bp within the promoter of DBH gene and reported to be significantly associated with migraine [15] .
Results were also tested for Hardy-Weinberg Equilibrium (HWE) investigating genotype frequencies of the DBHpr and DBHex markers to detect a deviation from the normal genotype distribution in the population and odds ratios (ORs) were calculated to assess the magnitude of associations. We also performed endophenotype analysis, investigating the distribution of several migraine-associated symptoms, including nausea, vomiting and diarrhoea, according to genotype.
Power calculations indicate that for the smaller of the two cohorts, a sample size of 200 cases (400 alleles) and a rarer allele frequency of 0.25 this study has >80% a priori power to detect a significant allelic association conferring an odds ratio of 1.5 or greater.
Results
Two markers located one at 1.02-kb upstream of the starting point and the other one at +1.6 kb in the coding of the DBH gene, were analysed for association with migraine in two independent cohorts (200 migraineurs versus 200 healthy individuals; 300 migraineurs versus 300 healthy individuals, respectively) of Australian Caucasians. Genotypes for both DBH markers were determined in the migraine case and control populations. The distribution of DBHpr and DBHex genotypes in the studied populations did not deviate significantly from Hardy-Weinberg Equilibrium (P>0.05). Table 1 represents the results of the allelic and genotypic frequency distribution of DBHpr in the two studied populations. Results showed a significant association of DBHpr alleles with migraine in the first ( Table 3 ).
In regard to the analyses by gender for DBHpr, a significant association was found for all combined migraine compared to controls in females for both genotypic (χ 2 = 8.56, 2 df, P=0.013) and allelic frequencies (χ 2 =7.88, 1 df, P=0.005), but was not significant in male groups (χ 2 =0.79, 2 df, P= 0.67; χ 2 = 0.8, 1 df, P= 0.37, respectively) (Tables 2-3) in the first population. The identical pattern was observed for the genotypic frequencies (χ 2 =10.32, 2 df, P=0.006; Table 2 ) and allelic frequencies (χ 2 =8.29, 1 df, P=0.004; Table 3 ) in the female group of the second studied population. However, no significant association was reported in the male group of the second population for both genotypic (χ 2 =0.57, 2 df, P= 0.75) and allelic frequencies (χ 2 =0.26, 1 df, P=0.6) (Table 2-3). As is shown in Table 4 , there was no significant association between either genotype or allelic frequencies for DBHex and migraine (χ 2 =2.95, 2 df, P=0.229; χ 2 = 2.44, 1 df, P=0.118), respectively in the first analysed population (Table 4) but also in the second population (χ 2 = 2.31, 2 df, P=0.315; χ 2 =0.93, 1 df, P=0.335; Table 4 ). When we analysed by gender and by subtype of migraine, .003) groups in our previous study [15] (Fig. 1) . The analysis of LD between the studied genetic markers revealed moderate but significant linkage disequilibrium between DBHpr and indel (D'=0.42, P=0.00001). However, this LD was found to be non-significant (P<0.05), when LD was measured between DBHex and DBHpr, and DBHex and indel. Our previous association between DBH markers located in the promoter and migraine (and more specifically MA) has been confirmed in this study and extended to the DBHpr, marker in linkage with the indel marker [15] .
Endophenotype analysis of the positively associated DBHpr marker was also undertaken. We were particularly interested in nausea and emesis as dopamine receptor antagonists are an established class of anti-emetic agent [44] and diarrhoea, as dopaminergic defects have been associated with enteric dysfunction in humans [45] (cf Fig. 2 ). As illustrated in Fig. 2 results of this analysis showed that 8% of individuals with the CC genotype suffered from diarrhoea compared to 23% of individuals with the CT/TT genotype. Migraineurs with at least one T allele were three times more likely to suffer diarrhoea. Another interesting finding shown in Fig. 2 was that individuals with at least one T allele were also more likely MO migraine without aura, MA migraine with aura to suffer from emesis (60% CC genotype compared to 78% with CT/TT genotype). Hence, it appears that possession of the CC genotype may confer a protective effect for both emesis and diarrhoea associated with migraine.
Discussion
During the last three decades, the dopaminergic system has been considered as playing a part in the pathogenesis of migraine and DBH enzyme plays an important role in the regulation of DA levels in the synapse. Interestingly a significant decrease in serum DBH has been observed in several reports in migraine patients compared with healthy control subjects [10, 18, 41] and during a migraine attack [2] , although a previous study reported~30 years ago, in a group of 17 migraineurs showed a contradictory result [20] . Several functional polymorphisms have been reported for the DBH gene. Lea and colleagues have showed a distortion of allele transmission of the STR marker in individuals suffering from both migraine with or without aura [27] . Our previous study undertaken in a larger casecontrol population also reported a positive association between the deletion genotype and migraine (P≤0.05) and also migraine with aura (P≤0.01) [15] .
In the present study, we examined the distribution of genotype and allelic frequencies of two functional polymorphisms of the DBH gene, DBHpr located at 1.02-kb upstream of the starting point and DBHex in exon 11 of the DBH gene in two independent and unrelated case-control populations. The analysis for both allelic and genotypic frequency distribution showed a significant association between the DBHpr marker and migraine in the first (P= 0.004 and P=0.012, respectively) and the second (P=0.013 and P=0.031, respectively) independent tested populations. These positive results seem to be attributable to the MA subtype in both studied populations (P<0.05).
Subjects with two copies of the allele T genotype had a decreased risk of migraine compared to controls in both tested populations (OR=0.55, 95% Cl 0.37-0.83 and OR= 0.67, 95% Cl 0.48-0.92). The percentage of patients with allele T was significantly lower in migraine (13.5% and 15.5 %, respectively) and MA (12.8% and 14.7%, respectively) groups compared to controls (21.9% and 21.5%, respectively) in both of the two studied populations. Interestingly, the MO subgroup had an average~20% different allele frequency than the MA group, supporting the possibility that there may be MA/MO heterogeneous differences. Two Danish population-based studies have also provided evidence to suggest that MA and MO may be two distinct disorders with an independent genetic identity [43] . Nevertheless, the percentage of MA subgroup in the first (52.9%) and second (83.2%) populations is significantly higher to what is reported in the general population (20%) [30] , which might introduce a limitation to the results reported in our study. With regards to the size of our two populations and the high percentage of MA compared to the general population, we will consider in our study the group "migraine" (as MA and MO subgroups altogether) for our discussion.
Observed genotypic frequencies for the DBHpr marker (genotypes, TT=3-6%, TC=32-36% and CC=60-62%) in our control groups for both tested populations gave results similar to previous studies [12, 22, 50] . Healy and collaborators investigating the role of −C1021T polymorphism in Parkinson Disease sufferers compared to two large independent cohorts of controls (n=637 for cohort A and n=450 for cohort B), showed a genotypic profile comparable to our control population results (genotypes, TT= 6.3%, TC=32.3% and CC=61.2% for cohort A and TT= 5.8%, TC=31.3% and CC=62.8% for cohort B) [22] . The same group of researchers has also reported no association for the DBHpr polymorphism between a population suffering for epilepsy compared to the identical control cohorts (A and B) [12] . Tang and collaborators have recently examined the relationship between DBH polymorphisms (including the DBHpr and DBHex polymorphisms) and plasma DBH activity in an African-American population [50] . Genotypic frequencies (DBHpr and DBHex) reported in this study (genotypes, TT=7.3%, TC=25.7% and CC=67% and TT-, TC=5.5% and CC=94.5%, respectively) again showed a similar pattern to that observed in our first (genotypes, TT=5.7%, TC=32.4% and CC=61.9% for DBHpr and TT-, TC=12.4% and CC=87.6% for DBHex markers) and second (genotypes, TT=3.6%, TC=35.8% and CC=60.6% for DBHpr and TT-, TC=12.4% and CC= 87.6% for DBHex markers) tested populations. As shown in our study, DBHex was not significantly associated with migraine or its subtypes (MA, MO) with chi-square results producing P values greater than 0.05 for most analyses in both studied populations. It should be noted that we observed in our study no substantial LD between DBHpr and DBHex polymorphisms as measured by r 2 (r 2 <0.001). This result has been reported previously by [53] and more recently by Tang and collaborators [50] .
The activity of the DBH enzyme can be measured in serum (or the plasma) due to the release of this enzyme from the central and peripheral adrenergic and noradrenergic neurons as well as adrenomedullar cells during an excitation of the sympathetic system [35] . Several polymorphisms of the DBH gene have been reported in previous studies as being associated with the activity of plasma DBH [6-9, 49, 54] . The DBH promoter variant DBHpr, is responsible for 31-52 % of the variance of the plasma DBH enzyme activity in Caucasian populations [54] . Interestingly, the DBHex polymorphism also tested in our study seems to independently account for additional variance in plasma DBH activity. Recently, Tang et al. have evaluated the effect of four DBH polymorphisms (DBHpr, indel, rs 2519152, DBHex) on the activity of plasma DBH in African American populations [50] . This report showed that a low activity DBH profile is significantly associated with haplotypes T-C-C (for DBHpr-rs 2519152-DBHex, respectively) (P=0.0036), but also with haplotype C-T-C (P=0.0025) [50] . Significant decrease serum DBH activity have been observed in migraine (MO and MA) patients compared with healthy control subjects [18] . A lower percentage of migraineurs with the T allele (1.2%) for the DBHpr marker compared to the controls (3.5-5.7%) was observed in our examined populations. It may be judicious to test the rs2519152 polymorphism in our samples to confirm that migraine sufferers with the C allele for DBHpr and DBHex also express the T allele for rs2519152, verifying the C-T-C haplotype, reported in the Tang et al. study [50] .
Dopamine beta hydroxylase plays a key part in the balance of NA/DA circulating levels in the synaptic space and is available to act on post-synaptic neurons. A wide variety of clinical signs indicate that dysfunction of the sympathetic system exists in migraine sufferers, in both in the interictal and attacks periods [39] . Many independent investigations have reported lower levels of supine plasma NA (51% to 53%) compared to controls, indicating a hypoactivity of the sympathetic nervous system [20, 31, 32, 48] . Opposed to the hypofunction of the sympathetic nervous system, many studies reported a hyperactivity of the dopaminergic system as indicated by a high levels of dopamine in plasma measured during attacks [41] , but also between attacks in both plasma and platelets in migraineurs compared to controls [10] . In addition, clinical trials involving treatment with dopamine receptor antagonists [16, 23] confirms the involvement of dopamine in migraine. In fact, administration of dopaminergic agonists can induce the same symptoms seen during a migraine attack and dopamine antagonist treatment can be used effectively in migraineurs during an attack [16, 23] . Hypersensitivity of the dopaminergic system can also lead to vegetative symptoms such as nausea, sweating and yawning, observed also during migraine attacks. In the present study, we investigated the association of specific endophenotypes (as emesis and diarrhoea) in relation to the genotypes of DBHpr analysed in our populations. Interestingly, the CT/ TT combined genotype group showed significantly more than two times the risk to develop emesis (OR 2.3 (95% CI 0.886 to 5.792)) and three times the risk to present with diarrhea related symptoms (OR 3.14 (95% CI 0.9908 to 9.9286)) compared to the CC genotype group for the DBHpr marker.
This study has limitations. We acknowledge that reliability of migraine diagnosis based on questionnaire data has been under question [42] and further, that distinction of migraine without aura and migraine with aura can be challenging. ICHD 2 criteria has been described as gold standard as a diagnostic tool in a clinical interview, however a clinical interview is not always feasible or appropriate for a large population-based study. Therefore, questionnaires based on ICHD 2 criteria have been developed, validated and used in many published studies [24, 43] . A simple questionnaire is an effective tool screening for migraine in the general population [19, 28] . Furthermore, a simple three-question tool has been described as a valid tool for migraine diagnosis both within and outside of the clinical setting [29, 46] . Therefore we believe that diagnosis by a clinical neurologist according to responses to a detailed questionnaire in accordance with ICHD 2 criteria is a reliable method in the absence of a clinical interview.
This study showed a significant association between a DBHpr polymorphism and migraine in two independent populations. Although the DBHpr polymorphism has a functional role and has been shown to be responsible for 31% to 52% of the variance of plasmatic DBH, it accounts for only half of the total variability of the enzyme and other factors may be involved in this variation. Further analysis regarding other functional polymorphisms of this gene and how they affect the DBH enzyme and more specifically, impact on migraine, are warranted.
